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Low FE, but hard experimentally

Advantages Disadvantages
- Atomic transition: O(1)eV - Cannot measure v (small flux and E)
- Can measure the emitted photon - 3 background still a problem
- Can be stimulated and coherently enhanced - Exp. challenge to coherent enhancement
- Tests v physics in a different energy regime - Very new, still theo. investigation

Benefits are great and can provide interesting results!
m,, ordering and scale, non-unitary, BSM interactions and maybe neutrino mixing and nature
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Neutrino LASER?

[Radiative Emission of Neutrino Pair (RENP)]

Usual Laser beam:

Excited (meta-stable) State (|e >)

’ AN ——

{ Y

VAN ———

\}J 7
—@—— Ground state (|g >)
(E'1, M1 transition)
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RENP:
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Neutrino LASER?

[Radiative Emission of Neutrino Pair (RENP)}

Virtual State (|v >) REN P:

. T — -

NN
\ N

\ N

\ N

N <=

N ~

N

. - v _
N ———=— Excited State (|e >) 1. M1 forbid
& \\\ ' 1
Ty Y s
ANANANNAN \

1
1
h g

—@—— Ground State (|g >)
’El x M1 transition ‘

ONuFact 2022-08-04 Pedro Pasquini o/18




Neutrino LASER?

“Coherent two-photon emission from hydrogen molecules ex-
cited by counter-propagating laser pulses,”

T. Hiraki et al. J. Phys. B 52, no.4, 045401 (2019)
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Quantum effects enhance a lot

Stimulated Emission

~ are bosons

air|Nv> = Ny +1|IN; +1)
(Ny+1|T|Ny) < /N, +1

For large Nj, Proboc IV, stimulate!
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Coherence transition means
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Stimulated Emission Coherent Enhancement
~y are bosons Atomic state: (g|T|e) o ¢®Xa'Pa
for each atom a.
ai,|N7> = Ny +1|IN; +1)
Coherence transition means
(Ny+1|T|Ny) < /N, +1 Pa — P is small (light wavelength)
For large Nj, Proboc IV, stimulate! P |Za eixa~p‘2 ~ Ud?’xeix'p’z N Na2

Overall, there is a N, N2 macroscopic enhancement!
Current technology (probably) allows O(10) events/days of exposure
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Photon Carries v information

How to extract v physics?
Emitted photon contains information of the neutrino pair

Measure emitted photon spectral function I!

emitted’ —w (

Because of Stimulation: \p,y trigger LASER frequency)

The # of photons from de transition depends on w.

max

Two important information: I = I(w) and wj}
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Emission threshold: the smoking gun
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Threshold contain mass information

Emission threshold: the smoking gun

From energy conservation: AE = w + Eg,

Massless neutrinos: w™* = AFE/2

max AFE (mi+mj)2

Massive neutrinos: wii™ = 55 — THAE
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Threshold contain mass information

Emission threshold: the smoking gun
From energy conservation: AE = w + Eg,
Massless neutrinos: w™* = AFE/2
AE _ (mitm;)?

H M . max __
Massive neutrinos: wp™ = S SAL

There is a total of 6 thresholds related to all combinations of m;, m;, i, = 1,2, 3.
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Threshold contain mass information
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Aw ~ O(1077) eV
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Mass and hierarchy is observable!
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Mass and hierarchy is observable!

0'08___ my, my, mg = 0.0 eV |
~~~~~~~~~~ & i |
0.064 Ssel I - Threshold gives mass scale
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Phys. Rev. D 93, no.1, 013020 (2016)
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We can extract BSM physics

We can go further: BSM physics

v ~ UeiUg;
Agj(w max D

I(w) = Z(Evgji)?@(w —wi) [|aij|2IZ.(j ) 5MRe[a?j]mimj}

aij = UeiU:j + %(UUT)U
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Require a large number of events...

A'LH od max
I(w) = Z(Evgjiw))?@(w — wir™) [|aij|21i(f) — 6MRe[a?j]mimj}
ij

aqjj = UeiU:j + %(UUT)”
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Require a large number of events...

A'LH od max
I(w) = Z(Evgjiw))?@(w — wir™) [|aij|21i(f) — 6MRe[a?j]mimj}
ij

aqjj = UeiU:j + %(UUT)”

- Information on mixing angles

See: N. Song etal Phys. Rev. D 93, no.1,
- Non-unitarity of U 013020 (2016) and G. Y. Huang et al. Int. J.
Mod. Phys. A 35, no.01, 2050004 (2020)

- Even majorana phases
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Require a large number of events...

A'LH od max
I(w) = Z(Evgjiw))?@(w — wir™) [|aij|21i(f) — 6MRe[a?j]mimj}
ij

Qi5 = UeiU:j + %(UUT)”

- Information on mixing angles

See: N. Song etal Phys. Rev. D 93, no.1,
- Non-unitarity of U 013020 (2016) and G. Y. Huang et al. Int. J.
Mod. Phys. A 35, no.01, 2050004 (2020)

- Even majorana phases

Caveat: Needs larger number of events (~ 10 or larger).
But current technology O(10) = needs technological improvement
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Possible to probe new interactions too!

BSM Interactions
S.-F. Ge & Pedro, Pasquini Eur.Phys.J.C 82 (2022) 3, 208
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Possible to probe new interactions too!

BSM Interactions
S.-F. Ge & Pedro, Pasquini Eur.Phys.J.C 82 (2022) 3, 208

Ly = gee'yseZ), + iy (97 ;P + 9k i PRIV Z),-

©NuFact 2022-08-04 Pedro Pasquini 1118


https://www.doi.org/10.1140/epjc/s10052-022-10131-4

Possible to probe new interactions too!

BSM Interactions
S.-F. Ge & Pedro, Pasquini Eur.Phys.J.C 82 (2022) 3, 208

Ly = gee'yseZ), + iy (97 ;P + 9k i PRIV Z),-

Ls = iypevsed + vi(ys,; + ivsyp;)vié + hec.,
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Specially good for light mediators

Atomic transitions are great for probing light mediators

- The mediator propagator:

qz_ﬁ N%forM2<<q

-SM M = My ~ 80 GeV. Since ¢°> ~ 1 eV, — large suppression.

- Also, light mediators, the effect (and bounds) will be enhanced, specially for mg)

2
msx,
around the eV scale: —% — ~ 10%!

2 __ 4
qgc—m
1 b,2'
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Specially good for light mediators

0.08
- The media
0.06
2 I
M “ 0.04
=== ggl =8 % 10710
- SM M=1] " C]PQ}% 1= 1.5 % 10715
0.02F _._ . 1
- Also, light Yypy =6 x 10
....... Yl =6 10,9
around the e — YYsn X
0 ‘ L — L
1.068 1.069 1.070 1.071 1.072
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Specially good for light mediators

LA T T 17T T T TTTTI T T TTTTI T T TTTTmT T T TTTTmT T TTTITH 10’”
E (9 —2). X Meson Decay Scalar Mediator 10-15
10716
10717
10718
1071
1072(]

LSS O 11 1 o 1 B I M1 R R R R-

Vector Mediator 2

BBN

SN1987a x Meson Decay ,
#—— g°g} 1, Dirac

000000 L |

— Y4y, Dirac Sp-2 .
=== yypy Dirac 1072 =77 9k Divee
—*= YY§1; Majorana 02 e A T 9'9L.n Majorana
----- 102 9°9% 11 Majorana J
R T o . :
........... Yb, NO 0 E
my = 0.01 eV o m; =001 eV /’@(@'n., E
95% C. L. (2.3 days) 107" & 95% C. L. (2.3 days) IR E
| R (. i [ R (R L \\HHH‘ L \\HHH‘ Lol 1” 28 T i [ 0 Lol Lol Lol Lol 1ginm
102 107! 1 10 10 10° 10 1073 1072 107! 1 10 10% 10° 10
my [eV] my [eV]

See S.-F. Ge & Pedro Pasquini Eur.Phys.J.C 82 (2022) 3, 208
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Light is a light mediator

Another Possibility: The standard model has a massless mediator, the photon!
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But SM predicts non-zero v magnetic moment (y,) and electric dipole (¢,)
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Light is a light mediator

Another Possibility: The standard model has a massless mediator, the photon!
It is well known that neutrino charge is g, = 0 (or very small...)

But SM predicts non-zero v magnetic moment (y,) and electric dipole (¢,)
~19 (my
Py €y ~ 3 X 10 (?T) HUB

Still too small, but BSM physics can make p,, €, ~ 10~ up
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Photon as mediator for RENP

8
g _ _
w<u'<~< KNV)IJ| =3x 10 HNB %{ |(€l/)17| =3x10 H/
Tt P
6 L
=X = TRTN—
— w‘}ui\\ Il;l\‘<‘<y (A.)I;“;‘\ -
X 4 [ 23 wlllll\"\
3 — SM i
= |
N 3 - (7]) wu;\\ L wlzlyx\?
2f— (L)— (2,2) |
g W)@
""" 1 3 3,3 w"“‘}w"“ Yb, NO m —001 eV w ““‘ ma
12 W)
1.068 1. 069 1. 070 1. 071 1. 069 1. 070 1. 071
w [eV] w [eV]
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Photon as mediator for RENP

8
vy
%"ﬁ( |(NV)IJ| =3x 10_HNB
Notice [
6L
% 5 b JETIT u—
; wH 1211;\\‘<;1<1;\{‘
A4 b wi3
3 — SM
S3) () e
i
o LD— 22 |
Joaa< ey || %
""" (1,3) (3,3) w‘l‘“;if‘lli‘ Yb, NO m —001 eV w““* o
1.068 1. 069 1. 070 1.071 1. 069 1. 070 1. 071
w [eV] w [eV]
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Photon as mediator for RENP

Notice

(1) Shape is different for

wy and €,

ONuFact 2022-08-04
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Photon as mediator for RENP

8 L,
%"ﬁ( KNV)IJ| =3x 10_HNB
Notice
(1) Shape is different for %4 g
wy and €, T3t ,
1}

2 P~ (17 1)_ (22) : 1‘

1l (1,2) < (2,3) , i 'e
(2) ij contribution starts ~ Tl.. (173) (3,3) wnn;‘,fxllia Yb, NO m = 0.01 eV w m )

max

when w < Wi 1068 1.060 1.070 1.071 1060 1.070 1.071

w [eV] w [eV]
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Separate magnetic from electric dipoles

RENP can distinguish p from e!
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Separate magnetic from electric dipoles
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Separate magnetic from electric dipoles

RENP can distinguish p from e!
It can also tell which element (11,);; (or (€,)i;) is non-zero!

Compare with current constraints:

Solar/Accelerator: Stellar Cooling:
(v+e—v+e) , (v = wv)
(1e5)? = 325 130k Usp L) i — i) ]| (15)% = 35 [(w)ig PP + |(e0)is 1

Has blind spots
D. A. Sierra et al.
Phys.Rev.D 105 (2022) 3, 035027
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https://www.doi.org/10.1103/PhysRevD.105.035027

Separate magnetic from electric dipoles

RENP can distinguish p from e!
It can also tell which element (11,);; (or (€,)i;) is non-zero!

Compare with current constraints:

Solar/Accelerator: Stellar Cooling:
(v+e—v+e) (v = wv)
o . 2 —
() = 325 1505 Ut L) — ilen) ] (15)? = 3055 1 ()i > + [(e0)ij)?
Has blind spots Large system. uncertanties
D. A. Sierra et al. R. J. Stancliffe et al.
Phys.Rev.D 105 (2022) 3, 035027 A&A 586, A119 (2016)

©NuFact 2022-08-04 Pedro Pasquini 1618


https://www.doi.org/10.1103/PhysRevD.105.035027
https://www.doi.org/10.1051/0004-6361/201527099

Good Sensitivity!
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()35 or [(e)i3] [L07 pug]

T T T T T T T T T

5, Yb, NO, m; = 0.01 eV —— Borexino

RG 90°°rC'L'

T R T R R T R T T R T i R R T R T T R ST

1 2 3 4 b) 6 7 8 9 10
Exposure T x V @ each frequency w; [10 days x 100 cm?]
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- Radiative emission of neutrino pair (RENP) is a novel and interesting idea.

- The RENP can obtain the neutrino mass scale and look for new physics.

- The low energy ¢ of RENP makes it specially powerful probe of light mediator.
-y, and €, can be thoroughly explored
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Source: T. Hiraki et al. J. Phys. B 52, no.4, 045401 (2019)
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Lnew ‘ Non-Relativistic Transition ‘ Type
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Coupling ‘
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